S3
Catalytic methane oxidation experiments were carried out as described in the original procedures.
1 For NMR analysis, a known amount of acetic acid was added to an aliquot of the reaction solution as an internal standard. Methyl bisulfate (and any free methanol) was determined from the ratio of the 1 H NMR methyl resonances of methyl bisulfate (3.4 ppm) to acetic acid (2.02 ppm). The methyl products were also quantified by HPLC analysis of the liquid phase. Known volume aliquots of reaction solution were first hydrolyzed by the addition of 3 parts water to 1 part crude reaction solution and heated to 90 °C for 4 h in a sealed vial. The hydrolyzed solution was analyzed using a HP 1050 HPLC equipped with a HPX-87H column (Bio-Rad) and a refractive index detector. The eluent was 0.1 volume % sulfuric acid in water.
Methanol eluted at 16.2 minutes. The gas phase (CH 4 , CO 2 and CH 3 Cl) and liquid phase (CH 3 OSO 3 H and CH 3 OH) analyses allowed >90% mass balance on methane.
Procedures Stir Rate Dependence on H/D Exchange of CH 4 :
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Methodology
All calculations were performed with the hybrid density functional B3LYP 5 as implemented in Jaguar 7.0. 6 Geometry optimizations included solvation using the Poisson-Boltzmann reactive field (PBF) 7 with a dielectric constant of 98.0 and a probe radius of 2.205 to simulate sulfuric acid. 8 For solvation of smaller ions two explicit solvent molecules were included. For geometry optimizations the smaller LACVP** basis set 9 augmented with an extra d-function on sulfur. For single point energies we used the LACV3P**++ basis set augmented with one f-function on platinum and two d-functions and an f-function on sulfur. 10 Frequency calculations were performed numerically including the PBF-solver at the B3LYP/LACVP**(+d on S) level.
Free energies were calculated as the sum G = E(lacv3p**++ 2df(S) f(Pt)) + Gsolv(lacvp** d(S)) + ZPE(lacvp** d(S)) + ∆H(500)(lacvp** d(S)). For gas phase molecules an empirical correction of 0.4*Strans/rot was added to account for the higher translational and rotational entropy in the gas phase compared to the solution phase. Using the empirical correction we found excellent agreement for free energy of solvation of the few species (solvation water and sulfuric acid in sulfuric acid) where we have experimental data for the sulfuric acid medium. Our value of 0.4 is similar to the 0.46 reported by Wertz for solvation in water. 11 All species are calculated at 1 M or 1 atm except sulfuric acid, which is corrected to 18 M to reflect typical experimental conditions. For all complexes the first protonation of the bpym ligand is calculated to be favorable. For a few, namely the most electron rich platinum(II) complexes, the second protonation is also favorable. 
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